The lifetime of guide grates in pusher furnaces for heat treatment could be increased by raising the flexibility of their structure through, for example, the replacement of straight ribs, parallel to the direction of grate movement, with more flexible segments. The deformability of grates with flexible segments arranged in two orientations, i.e. crosswise (perpendicular to the direction of compression) and lengthwise (parallel to the direction of compression), was examined. The compression process was simulated using SolidWorks Simulation program. Relevant regression equations were also derived describing the dependence of force inducing the grate deformation by 0.25 mm -modulus of grate elasticity -on the number of flexible segments in established orientations. These calculations were made in Statistica and Scilab programs. It has been demonstrated that, with the same number of segments, the crosswise orientation of flexible segments increases the grate structure flexibility in a more efficient way than the lengthwise orientation. It has also been proved that a crucial effect on the grate flexibility has only the quantity and orientation of segments (crosswise / lengthwise), while the exact position of segments changes the grate flexibility by less than 1%.
Introduction
Stability of pusher furnace equipment is one of the main factors determining its efficiency. An essential element of this equipment is guide grate, on which the heat treated parts (charge) are resting. In pusher furnace, several grates arranged in row/rows are used simultaneously and are pushed through the furnace hearth from the charging door to the furnace outlet. The number of grates in a row does not exceed 25 pieces [1] .
While operating, the grate is subjected to alternating process of simultaneous compression and heating followed by cooling. The compression of the grate is caused by its forced movement in the furnace. The result is deformation of the grate, and then cracking in long-term use [2, 3, 4] .
Guide grate is typically a cast component of rectangular ( Fig.  1) or square shape and is an example of the thin-wall openwork structure [2, 5] . It is designed using walls either straight or of simple shapes. In [6] it was demonstrated that replacing straight elements of the grate construction with other shapes of an equally simple geometry selected for analysis is an effective procedure leading to reduced stiffness of the whole structure.
The aim of this work was to develop quantitative and qualitative relationships describing the flexibility of grates with varying number and location of the flexible segments. The task of the flexible segment is to improve the grate ability to undergo elastic deformation under the effect of stress caused by its forced movement in the furnace.
Methodology and test result
To examine the efficiency of replacing the straight walls in a grate with flexible segments it was decided to carry out comparative studies. As a starting point for comparison was selected the grate design using straight walls (Fig. 1) . It was assumed that this construction would be characterized by low flexibility (high stiffness). To modify its internal shape, flexible segments were incorporated into the grate design in crosswise (perpendicular to the direction of compression) and lengthwise (parallel go the direction of compression) orientation. For studies, the following assumptions have been made: 1. Initial model of the grate (Fig. 1) . Fig. 1 . The geometry of the initial grate adopted for research 2. The shape of the flexible segment [4] (Fig. 2.) 
Fig. 2. The shape and dimensions of the flexible segment
When selecting the shape of a flexible segment it was important to make it symmetrical to the horizontal axis, otherwise deformation could occur not only in the direction of force but also in the direction perpendicular thereto. Then, adopting a constant value of deformation in the direction of force as a modulus of elasticity could raise some doubts regarding its interpretation. 3. Models of modified grates: on the axes of symmetry of the grates, straight ribs were replaced with flexible segments. Two collections of grates (with structure characterized by flexibility higher than the flexibility of the initial grate) were formed:  Collection I; grates containing from 0 to 9 flexible segments in an orientation crosswise (Fig. 3a) and perpendicular to the compression force. The number of possible design solutions of the grate structure is 32 (Table 2 ).  Collection II; grates containing from 0 to 5 flexible segments in an orientation lengthwise ( Fig. 3b ) and parallel to the compression force. The number of possible design solutions of the grate structure is 20 (Table 3) . All proposed models of the grates are symmetrical in respect of the vertical axis (parallel to the direction of force). The purpose of this restriction was to avoid non-parallelism of the lower and upper edge of the grate after load application, as this state would prevent an unambiguous measurement of strain in the whole grate structure. 4. Material of grate: cast steel GX40NiCrSiNb38-19- Table 1 . 5. Loading conditions: the grate was placed between two stiff non-deformable beams. One of them was firmly secured, while to the other force was applied. The force causing grate deformation by 0.25 mm in the direction of compression was measured. The value of this force was adopted as a modulus of the grate elasticity. With the strain value of l = 0.25 mm adopted in the analysis, it has been assumed that under true performance conditions, this value will correspond to the increase of grate dimensions caused by an instantaneous temperature difference of 300° between the individual grate components, e.g. at the beginning of the heating process [6] . This assumption enables problem analysis using for calculation the properties of material at ambient temperature.
It appears that such a procedure is sufficient for a preliminary assessment of the grate flexibility. Minor deviations from the real conditions can be accepted. Based on the obtained simulation results (Tables 2 and 3) , relevant regression equations were derived to describe a relationship between the grate flexibility and the number of flexible segments in both orientations, i.e. crosswise and lengthwise. The equations and their graphic representations are shown in Figure 6 . Points corresponding to all performed (2) simulations are marked on the drawing. The approximate value of F corresponds many times to one value of Nfs ┴ (similarly, the approximate value of F corresponds to one value of Nfs ║ ) -the difference between forces causing the grate deformation by 0.25 mm is small, irrespective of how the flexible segments are arranged in respect of each other (e.g. see Figs 4 and 5) . Therefore an analysis was performed to see the magnitude of scatter of the force values causing the grate deformation by 0.25 mm, using grates with the highest and lowest flexibility and the same number of flexible segments arranged in crosswise and lengthwise orientation ( Table 4) . Analysis of the data suggests that the layout of flexible segments in orientation crosswise or lengthwise has no significant effect on the grate deformability -the value of P% does not exceed 1%. 
Discussion of results
Based on the results of simulations it was found that flexibility of the guide grate can be increased by incorporating flexible segments in orientation crosswise or lengthwise. It was also proved that the flexible segments in crosswise orientation increased the grate flexibility more effectively that in the orientation lengthwise (Fig. 6 ) .
Analysis of the value of force F(Nfs ┴ ) and F(Nfs ║ ) (Tables 2  and 3 , respectively) shows that the designer can predict the flexibility of the designed grate in a wide range of values by incorporating the flexible segments instead of straight ribs.
The comparative analysis used in this study is sufficient for a preliminary assessment of the flexibility -elasticity of the structure of guide grates despite the adoption of a few simplifications. It has to be remembered, however, that under real conditions the stress state is different because of the physical and mechanical properties of the grate material changing as a function of temperature.
